Starch gel electrophoresis was carried out to survey the genetic variation in the haploid lavers of the Porphyra sp. claimed to be Porphyra tenera. Eleven enzyme loci were resolved and scored. Eight of te eleven loci were monomorphic, while the three loci, catalase (CAT), glucosephosphate isomerase (GPI) and mannosephosphate isomerase (MPI) showed polymorphism. At the Gpi and Mpi loci, a number of lavers had electrophoretic phenotypes characteristic of heterozygotes.
The population structure of the wild haploid laver, Porphyra yezoensis has been examined by starch gel electrophoresis. 1 -6) The haploid phase was electrophoretically demonstrated in single-banded phenotypes, even at loci exhibiting more than one allele. Fujio et al 5, 6) also demonstrated the high levels of genetic differentiation and genetic variability in natural populations of P. yezoensis. They explained that these may have resulted from clonal propagation in this haploid plant. Electrophoretic data have been used mostly in the resolution of taxonomic problems in animal species; so far, they have not been applied in algae. In fact, the interest of taxonomy of micro-algae by methods of electrophoresis is quite recent. 7 -12) The Porphyra sp. used as study material in this investigation, claimed to be Porphyra tenera, closely resembles P. yezoensis, but a survey of electrophoretic variation revealed an unexpected presence of electrophoretic phenotypes characteristic of heterozygotes at polymorphic loci. The purpose of the present work therefore is to survey the isozyme loci in this Porphyra sp. and to estimate its degree of genetic differentiation from Porphyra yezoensis. This paper also discusses about the finding of electrophoretic phenotypes characteristic of heterozygotes, which is unexpected in a haploid laver.
Materials and Methods
Wild thalli of Porphyra sp., as shown in Fig. 1 , claimed to be Porphyra tenera, were collected at different times from the several collection sites in Matsukawaura of Fukushima Prefecture of Japan almost always in March 1984 March , 1986 March , and 1987 . The thalli were also collected from 4 different sites in 1986. ( Table 1 ). The organisms were sandwiched in filter papers to remove free water, then wrapped and stored at -80 0 C for electrophoretic analysis. Procedures for the starch gel electrophoresis were described by Fujio et al. 5, 6) The enzymes scored were aspartate aminotransferase (AAT 2.6.1. , where p i is the frequency of the i-th allele at a locus; this value is the expected heterozygosity obtained when two haploid gametes pair at random. A locus was considered polymorphic, if the frequency of the most common alleles were no greater than 0.950.
Results
Eleven enzymes were examined mainly at the thalli collected from 5 different collection sites in Matsukawaura and 11 genetic loci were detected. Electrophoretic variants observed are illustrated in Fig.  2 . Eight of the 11 loci were monomorphic in all the sites. At the monomorphic loci, Aat, Dia, Gdh, G6pd, Mdh, Pgm, 6Pgd and Sod, the allele was identical to the most common allele observed in Porphyra yezoensis. The remaining 3 loci were polymorphic in almost all the collections. CAT showed a single band in each thallus in almost all of the collections and three different phenotypes were observed. They are controlled by three alleles, A, B and C segregating at the Cat locus. The B allele was commonly observed and was identical with one of the alleles detected in P. yezoensis. ln an exceptionaJ case, two-banded phenotypes characteristic of heterozygotes were observed with a very low frequency in M 1 and M 2 collections. GPI showed one and three-banded phenotypes. The three-banded phenotypes were characteristic of heterozygotes and the frequency were very high. Different phenotypes indicated three alleles, A, B and C. The C allele was commonly observed and was identical with one of the alleles detected in P. yezoensis. MPI showed one and two-banded phenotypes. Twobanded phenotypes were characteristic of heterozygotes. Different phenotypes indicated three alleles, A, B and C. The B allele was commonly observed and was identical with one of the alleles detected in P. yezoensis. The occurrence of the heterozygous phenotypes at the Cat, Gpi and Mpi loci was examined in the same collection site from 1984 through 1987. The results are given in Table 2 . Three-and twobanded phenotypes at the Gpi and Mpi locus were usually observed with high frequencies, although two-banded phenotypes at the Cat locus were observed in very low frequency. The frequency of occurrence of heterozygotes was higher in March than in November. Thus, the occurrence of the heterozygous phenotypes is considered to be stable in the same location and in the same season. In order to compare with P. yezoensis, the allele frequencies were calculated on the assumption that the heterozygous phenotypes possessed two alleles. Table 3 shows allele frequencies at the 11 loci examined in the 5 different collection sites of Matsukawaura and in 3 collection sites of Tomarihama for P. yezoensis. Proportion of polymorphic loci in Porphyra sp. and P. yezoensis were 0.273 and 0.788 respectively. The heterozygosity varied from 0.033 to 0.151 with a mean of 0.099 in Porphyra sp. and from 0.198 to 0.274 with a mean of 0.239 in P. yezoensis. Genetic variability of Porphyra sp. was smaller than that of P. yezoensis.
Genetic distance can be estimated from differences at alleles of loci than any two populations have in common according to Nei. 14) Such estimates were computed and the results are given in Table 4 . The smallest value was between the collection sites M 5 and M 6 and the largest value was between the collection sites M 4 and M 7 . Average of genetic distances among 5 different sites in Porphyra sp. was 0.0154, while it was 0.0129 from 3 different sites of Tomarihama in P. yezoensis. It suggests that the degree of genetic differentiation within Porphyra sp. and within P. yezoensis in a location is similar to each other. The genetic distance between Porphyra sp. and Porphyra yezoensis was 0.1511, indicating differentiation at the subspecies level.
Discussion
The collection sites for the Porphyra sp. had been the cultivation grounds for Porphyra tenera, which at present is not being cultured. Based on morphological properties, the Porphyra sp. is claimed to be Porphyra tenera. The electrophoretic data of 8 Porphyra species including Porphyra tenera have demonstrated singlebanded phenotypes, even at loci exhibiting more than one allele. 15) Miura, 15) we calculated the genetic distance between the cultured P. tenera and the cultured P. yezoensis, and obtained a value of 0.0323, indicating the differentiation at the local race level. The genetic distance between Porphyra sp. and P. yezoensis was 0.1511 and indicated differentiation at the subspecies level. Furthermore, from Miura's data, calculated genetic distances among wild P. yezoensis ranged from 0.0457 to 0.5584 with an average value of 0.2580. A genetic distance value of 1.6567 between P. yezoensis and P. pseudolinearis indicated differentiation at the same species level. From the above distances, we considered the Porphyra sp. to belong to the group of P. yezoensis including P. tenera. The genetic differentiation of Porphyra sp. and of P. yezoensis was both observed between sites within one location. The main casual factors responsible for this differentiation can be attributed to the reproductive cycle of Porphyra, which is by selfing and asexual propagation. Porphyra is an eukaryotic and monoecious seaweed, and its life history is very different from ordinary higher organisms. The carpospores, which are produced in the adult thallus between winter and spring, develop into a shell-boring, conchocelis phase. The conchocelis is the diploid phase and produces conchospores, when matured mostly in autumn. These conchospores germinate and develop into the thallus which is the haploid phase. The thallus is also capable of reproducing itself by means of monospores. Thus, propagation either by selfing or asexual propagation creates the tendency for a population structure consisting of several clones. Such structure is supported by the fact that observed number of allelic combinations at one linkage group is significantly lesser than the expected number in wild P. yezoensis. 6) Higher occurrence of the heterozygous phenotypes at the Gpi and Mpi loci might have originated from one clone. The occurrence of the heterozygous phenotypes can be explained by three causes: a) chimeral thalli, b) diploid thalli, and c) the duplication in one of the chromosome sets in the haploid phase. The presence of the chimeral thalli was demonstrated by cross fertilization between the colored mutants in P. yezoensis. 16) Ohme et al. 17) made cross experiments between the red type, green type and the wild type in cultures of P. yezoensis, and demonstrated that almost of the F 1 thalli were chimenal thalli composed of various combinations of color sectors, each of which was regarded as the haploid arising from meiotic segregation. They assumed that conchospores are released during meiotic prophase which segregate, into haploid genotypes during their germination and which leads to the formation of variegated chimeral thalli. In a related experiment the mosaic of Gracilaria meiosis has been completed in the conchosponangium and the conchospores contained two or four haploid nuclei. 18) If the heterozygous phenotypes are chimenal thalli arising from the combination of different alleles, the segregation of alleles should be observed in sectors. To test this hypothesis, a confirmatory experiment was made in which each part of the thallus was cut longitudinally, vertically and diagonally and was individually sampled for electrophoresis; results showed the typical heterozygous phenotype for all samples. Therefore, the hypothesis of a chimeral thallus cannot be considered. The second suggestion is diploidy in a certain clone. Such possibility is responsible for the isomorphic phenomenon in haploid and diploid phases of most ulvalean algae which have an alternation of generations. If it is true, phenotypic frequencies would be fit to Hardy-Weinberg equilibrium. However, the fit to Hardy-Weinberg equilibrium is not applicable here, because of the clonal propagation in Porphyra sp. from a far situation a random breeding population. Therefore, our data do not directly support the hypothesis that the observed electrophoretic variation is due to diploidy. Pertaining to the last suggestion, that the duplication in one chromosome set, the following reports may be dues. The chromosome number of Porphyra tenera was reported by Ishikawa 19) and Kito 20) to be n=3 in vegetative cells of leafy thallus, n=4 in vegetative cells of leafy thallus by Fujiyama 21) and n=5 in spermatium parentcells and in carpospote by Tseng and Chang. 22) Such fluctuation in chromosome number suggests that there are chromosomal polymorphisms in P. tenera populations and that the duplication occurs in one of the chromosome sets. The linkage of Gpi and Mpi in the P. yezoensis 23) support the suggestion of duplication. In conclusion, our findings suggest that the plant may either be in the diploid phase or that duplication occurs in one of the chromosome sets in the haploid phase. .
